innovation. We propose four perspectives, outline current trends, and present directions for future developments.
Augmentation of Open Innovation Towards Science
For centuries, science is based on an open process of knowledge creating and sharing. However, the quantity, quality, and speed of science have changed, as has the openness of science, in recent years. In the days of Galileo, scientists had to use anagrams to hide from inquisition. Later, scientists used letters to distribute their knowledge to their colleagues. When in 1665 the first scientific journal 'Philosophical Transactions' was founded, scientists started sending their insights to scientific journals. In the last century, the number of journals exploded, but the knowledge diffusion slowed down: In some fields the peer review process takes 
Literature Review

Research Streams in Open Innovation
The failure of large industrial research labs to drive scientific advancements towards value generation in the early 1980s manifested an anomaly that revolutionarily changed the rules of innovation. Shortly after its foundation in 4 1984, also Cisco started with its open R&D strategy which ended up in outcompeting the famous, world's largest R&D center, the AT&T's Bell labs. In the Kuhnian sense (1962) , this marked a paradigm shift in innovation management.
Since then, the practical and scientific community called for more open models of innovation (e.g., Chesbrough 2003a,b; Christensen et al. 2005) . Defined as "… the use of purpose inflows and outflows of knowledge to accelerate internal innovation, and expend the markets for external use of innovation respectively" (Chesbrough et al. 2006) , open innovation heralds a new era in innovation (1) Integration of external cooperation partners along the value chain. Hippel's (1986 Hippel's ( , 1988 seminar works on lead user integration highlight the virtue of user collaboration for radical innovation.
Downstream the value chain, von
Numerous studies investigated user characteristics and their impact on the degree of innovativeness, the modality of user integration, and user's motivation to collaborate (Bilgram, et al. 2008; Franke et al. 2006; Luethje 2004) . The phenomenon of free revealing and the fact that the user is the only external collaboration partner with use-experience makes the user a very valuable partner (Nambisan and Baron 2010; von Hippel and von Krogh 2006) . Nevertheless, 5 studies also investigated downsides and dangers of user integration (Gassmann et al. 2010a) . Upstream the value chain, research emphasized the importance of supplier integration. The integration of suppliers into the development process at a very early stage can significantly increase innovation performance in most industries (Hagedoorn 1993) .
(2) Partnering and alliances. In recent years, there was a trend towards R&D outsourcing and alliances (Hagedoorn 2002) . Strong specialization necessitated the need for many companies to collaborate with partner companies from the same or other industries (Schildhauer 2011) . Especially, the phenomena of cross industry innovation and innovating with non-suppliers was investigated by current research including its methodological premises (Gassmann and Zeschky 2008; Gassmann et al. 2010b; Howells 2008; Herstatt and Kalogerakis 2005 ) .
Also established engineering firms take the role of innovation intermediaries moderating open innovation activities between collaborators (Gassmann et al. 2011 ). This indirect opening up of the innovation process is leveraging the cross-industry innovation process, not only in traditional R&D outsourcing modes but also in strategic innovation partnering.
(3) Open innovation processes. Open innovation is based on three core processes: outside-in, inside-out, and coupled. This classification provides guidance on how to complement and extend the internal innovation process by an external periphery Gassmann and Enkel (2004 (Bullinger et al. 2010; Sieg et al. 2010; Dahlander et al. 2008 ).
Thereby, they generate a virtual market place for innovative ideas and problem solutions. Toolkits for mass-customization allow an adaptation of design and product features according to customer preferences based on an iterative creation process (Piller and Walcher 2006) . Community based innovation enables companies to use blogs and discussion forums to exchange with a mass of stakeholders outside the company. The transfer of ethnographic studies to the cyber space (Netnography) led to new forms of debunking innovative ideas that are freely accessible over the Internet (Kozinets 2002) . New phenomena like patent funds, patent trolls and patent donations emerged in recent years and increasingly attracted scientific research (Reitzig et al. 2007) . At the moment, there is an ongoing debate among policy makers in the European Union whether a financial market for intellectual property should be created.
Policy makers in favour of new modes of technology transfer as well as financial institutions interested in new product categories are mainly driving that process. 
Open Science in Academia and Industry
In the context of academic and industrial science and research, the sharing and combination of information is regarded the core process of knowledge creation for the sake of advancing the state of the science and technology (Thursby et al. 2009 ). As scientific problems are getting more specialized and complex at the same time, it is not surprising that collaboration in science and research expanded 8 in various disciplines within the last decades. For example in sociology science, the percentage of coauthored articles almost quintupled in the last 70 years (Hunter and Leahey 2008) . Comparable trends were observed in political science (Fischer et al. 1998) , physics (Braun et al. 1992) , and economics (Maske et al. 2003) .
Studies even show that authors with a high impact factor are those who collaborate widely with others, form strong alliances, and are less likely to be bonded to a certain in-group (Pike 2010 , Tacke 2010 .
Despite this general trend across academic and industry science, for many years both fields seemed to constitute two worlds with different goals, norms, and needs for secrecy (Dasgupta and David 1994, Rosenberg 1990 ). According to Merton (1973) , the principle of openness has always been an integral part within the academic community. This openness roots in a reward system that the first person to contribute new findings to the scientific community receives in return various forms of recognition (Stephan 1996; McCain 1991; Hagström 1965 ).
Contradictory, industrial scientists were perceived as being much more concerned about confidentiality as a means to secure future returns on R&D investments (Cohen et al. 2000) . Recent studies however indicate that this disparity seems to diminish as increasingly cross-institutional bonds emerged (Murray 2006; Powell et al. 2005) . For example, Haeussler (2011) found that for both academic and industrial scientists the likelihood of collaboration and exchange depends on the competitive value of the requested information and on the degree to which the researcher's community conforms to the 'norm of open science' (Rhoten and Powell 2007) . Some studies even propose a concurrence between academia and industry (Vallas and Kleinman 2008) . Thus, academic and industrial science moved from a "binary system of public vs. proprietary science to […] arrangements which combine elements of both" (Rhoten and Powell 2007, p. 346) . 
Perspectives of Open Science
Open science and research is characterized by the use of inflows and outflows of knowledge to advance the state of the science and technology. Taken a value chain perspective, it includes the very front-end activities of basic science, applied science, and applied research. Despite the contextual backgrounds of academia and industry, research is rather driven by curiosity, reputation, and acknowledgement than by profit and applied oriented thinking. Four perspectives of open science and research can be differentiated.
(1) Philanthropic perspective. Doing research requires infrastructural and content-related elements whose access has been predominantly restricted. Current trends foster a democratization of science and research in the sense of distributing scientific content, tools, and infrastructures freely. Many universities started to offer public lectures or courses with the goal in mind to bring science and research closer to society and to market scientific findings. Most of the public lectures are streamed online and thus are globally available (Tacke 2010 (2) Reflationary perspective. Currently, we witness a trend towards making scientific results freely available in a pre-publication status. Knowledge is shared in a very early stage within the research process. Motives to do so are manifold.
Researchers are able to reflect first thoughts, to promulgate preliminary scientific results, and to push new ideas within the scientific community. Thereby, they signal tacit knowledge and reputation that might attract other researchers and institutions (Hicks 1995) . Open platforms typically address several fields in a more interdisciplinary manner than the typical disciplinary mainstream journals. The integration of more than one scientific discipline under one roof fosters cross-fertilization of researchers and scientists. This interdisciplinary approach enhances technology fusions and the generation of innovative solutions (Kodama 1992 
Trends and Streams of Open Science and Research
The open paradigm of science has just paved the way towards a new division of tasks and a new role understanding within scientific research. New links and forms of collaboration emerged within the science community itself but also between academic research and more application-oriented institutions. The times when research institutes demonstrated intellectual fortresses following the goal of Humboldt's knowledge creation as an end in itself seem to be over in most areas.
The complexity of scientific problems and the required investments (time, expertise, and materials) to solve them dramatically increased within the last decades and necessitated the breaking of new grounds in external collaboration (Bozeman and Corley 2004) . The last ten years of open innovation showed how profit-oriented entities used external recourses to increase their capacity for innovation as a measure to secure the long-term competitiveness of the company.
Open innovation fundamentally influenced business strategy, general management, and organizational behavior. Based on the literature review and our own empirical analysis several trends within science and research can be identified:
(1) Role of research institutes: form ivory towers to knowledge brokers. Additionally, the outsourcing of research activities offers SME new possibilities to overcome the 'liabilities of smallness' (Gassmann and Keupp 2007) .
Prior, due to resource constrains, many SME were not able to conduct basic research on their own. Thus, outsourcing scientific problems to research institutions allows them to increase their competitive position. For decades, science was predominantly driven by disciplinary research. Within the scientific community, research streams were influenced by few dedicated and topic specific journals. A narrow and disciplinary framing of research articles increased the probability of getting accepted. Additionally, the dogma of 'publish or perish' forced researchers to keep their work a secret -at least in the early stage of competition -until submitting it to scientific journals. This development led to the formation of scientific progress but also to ivory towers. (6) Focus of research: from broad to specified. Within the scientific landscape the specification of research institutes in the public but also private sector increased.
The requirement to be more cost efficient forced the research activities to be closer related to the core competences -responsible for value creation and profit generation -of the executing institutes. Within the public sector, light houses of research were formed that attract new researcher as well as private companies.
Numerous examples can be found in the sector of environmental technologies in Germany.
In the private sector, companies deliberately invest in basic research in The often seen splendid isolation of peer-reviewed journals from practice and society could be overcome by the diffusion of research results in social media.
Research can be addressed, commented and better marketed in the new media.
Post-publication will be evaluated and selected by the crowd in the net. A social media impact could include blogging, Wikipedia, comments and recommendation systems. This is a not very well researched field where more empirical evidence in selected science fields is needed. The new phenomenon of patent donation still presents a white spot in research. Closer investigations on motives and strategic premises of the donators are necessary. On the side of the patent receiver exploitation and adaptation processes might be worth looking at.
The field of open science is still at an early stage. It offers a wide field for future research. We invite researchers from different fields to contribute to that fascinating area.
